1. Introduction. - The existence of low-energy excitations which can be regarded as two level systems (T.L.S.) is well established in amorphous metals [1] as well as in amorphous dielectrics. In the amorphous network certain atoms or groups of atoms can reside in double wells and are at the origin of these T.L.S.
At low temperatures the transition between the energy levels occurs via tunnelling. As in amorphous insulators, metallic glasses exhibit in the very low temperature range (T 1 K) the typical acoustic behaviour :
1) a logarithmic temperature dependence of the relative variation of the sound velocity [2] ;
2) saturation of the resonant part of the sound attenuation when the acoustic flux exceeds a certain critical value. This critical value is, however, several orders of magnitude larger than in insulating glasses indicating that an hitherto unknown mechanism plays an important role in the relaxation process of the T.L.S. [3] . It has been suggested that the electrons are at the origin of this new mechanism [4] ; 3) relaxational attenuation due to T.L.S. which, however, does not increase as strongly with temperature as in amorphous insulators [1] .
Other experiments such as measurements of specific heat and thermal conductivity are also of great interest, but entail certain difficulties in interpretation. The T.L.S. are expected to give a linear contribution (Cp oc T) to the specific heat and a T2-dependence for the thermal conductivity as in amorphous insulators. Since the electrons always present in a metal give exactly the same temperature dependence for these two quantities, any T.L.S. contribution can be obscured.
An appealing possibility which avoids this difficulty is to carry out experiments in a metallic glass which is superconducting [15] . Because of the pair condensation for electrons, it is expected that their role diminishes rapidly below the transition temperature 7c
The effect of superconductivity on the acoustic properties of metallic glasses has been calculated recently [5] . For between T.L.S. and phonons, the condition (D7B ~ 1 cannot be fulfilled at a given temperature for all T.L.S. This consequence of the distribution function has been discussed previously [7] and worked out in detail for the superionic conductor #-alumina [8] . The [7] . c) At higher temperatures (7~ 1.5 K) the relaxation rate even without any applied field is so strong that the condition G)7?' 1 is fulfilled and a plateau is obtained for the attenuation.
We have carried out numerical calculations using the same routine and notation as in [8] . It is assumed that there is a distribution of the coupling strength described by the parameter r = (do/E)2. Here 2 E is the energy splitting of a given T.L.S. and ¿Jo/11 is its tunnelling frequency. As a consequence all the relaxation times relevant to the problem can be written as l/Tl = ~77~. The relaxation attenuation is given by the following equation :
Here N is the number of T.L.S. per unit volume, p , is the density of the material, v is the sound velocity, p = (kT ) -1, y is the deformation potential between T.L.S. and phonons, and P(E, r) is the distribution function of the parameters E and r. We used the sim-L-291 ULTRASONIC ABSORPTION IN AMORPHOUS SUPERCONDUCTORS plest distribution plausible as deduced in the original paper of Phillips [9] : with Em = .1m and r~ _ (d~/E)2 where .1m is the minimum value of Jo' Similarly, the relative velocity variation is given by :
In equations (1) and (3) it is the temperature dependence of the relaxation rates which determines /'~(7") and A~ (7" Such a mechanism of pair breaking is also responsible for the discontinuous behaviour of the ultrasonic absorption occurring in crystalline superconductors whenever nro &#x3E; 2 A(T) [11] . The magnitude of the discontinuity can be calculated analytically :
Our calculations indicate that the discontinuity modifies the absorption and dispersion considerably at T Tc. The two quantities K1 and K3 were taken as free parameters in the numerical calculations.
C is a multiplicative factor which appears in the attenuation whatever the relaxation process might be. It determines the height of the plateau :
From the magnitude of the plateau we get C = 5.5 x 10-s. We calculate the ,relaxational attenuation taking into account only the direct process (phonons). The value of K3 is adjusted such that we obtain the closest fit with the experimental results at the lowest temperatures where the absorption indeed exhibits a T3-dependence. This T3-dependence is characteristic for phonon-dominated relaxation and is also experimentally observed in amorphous insulators [7] . The corresponding curve is shown in figure 1 as a dashed line. The fit yields K3 = 3.5 x 109 K -3.S-'. Adding to T1 1 the contribution of the electrons in the superconducting state we obtain the full line which agrees well with the attenuation as a function of temperature at the two frequencies used in the experiment [6] (Figs. 1 and 2 ). [5] ). We do not find such a behaviour. We attribute this mainly to the larger value of pKe = 0.9 as compared to 0.2 in [5] . Of course the additional contribution of the thermal phonons to the relaxation rate of the T.L.S. further suppresses any possible discontinuity at Tc. Finally in our opinion the value of r m used in the numerical calculations also influences the occurrence of such an abrupt change. rm reflects those T.L.S. in the absorption having a slow relaxation rate and hence determines the extent of the plateau. We used values for rm from ( 2) The sound velocity measurements yield J~4~/2 ~ 3.6 x107 erg/cm3 and not JY'AyL/2 = 1.4 x 107 erg/cm3 as reported in [14] (Fig. lA) .
Apparently the factor In 10 has been omitted when calculating JY'AyL/2 in [14] .
10 -3 to 10'~. For rm 10 -4 the experimental attenuation curve is properly reproduced in the temperature range of interest here (see also Appendix).
The experimental results in Pd30Zr70 as shown in figure 2 exhibit (for T &#x3E; 3 K) an excess attenuation in addition to the plateau. We do not discuss this excess attenuation here. It might be similar to a relaxational mechanism commonly observed in amorphous insulators and in other amorphous metals [16, 17] .
We have also calculated the relative variation of the velocity of sound as a function of temperature (equation (3)) using the parameters deduced from the fit of the attenuation (equation (1)). We added the contribution due to resonant interaction of the T.L.S.
with phonons which varies as C' In (77 To)' To is a reference and C' has to be taken from experiment [14] . The result is shown in figure 3 . As can be seen, there is a discontinuous slope of the relative variation of the sound velocity at Tc. This can be simply explained. The inner integrals in equations (1) and (3) can be solved analytically. Provided D7~ ~ 1, in equation (1) this integral results in n/2 whereas in equation (3) in In (~Tr(~ T)) [8] . Therefore all details of the relaxational processes have vanished from the calculation (Fig. 2) . The resonant contribution to ev jv varying logarithmically with temperature is added (from [14] , open circles). The corresponding coefficient is C' = 3.0 x 10-s. If the lower bound of the integration rm is smaller than the value of Ct)7B at higher temperatures and energy studied, the value of the integral becomes independent of rm. The outer integral is calculated with a standard method with constant interval.
The lower integration limit is (in temperature units) Em = 0.01 T. Because of the sech2 (PE) function in equations (1) and (3) it is sufficient to take EM = 4 T for the upper bound of the integral.
